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THE  NATIONAL  BUREAU  OF  STANDARDS 
Functions  and  Activities 

The  functions  of  the  National  Bureau  of  Standards  are  set  forth  in  the  Aet  of  Congress,  March 
3,  1901,.  as  amended  by  Congress  in  Public  Law  619,  1950.  These  include  the  development  and 
maintenance  of  the  national  standards  of  measurement  .md  the  provision  of  means  and  methods  for 
'making  measurements  consistent  with  these  standards;  the  determination  of  physical  constants  and 
properties  of  materials;  the  development  of  methods  and  instruments  for  testing  materials,  devices, 
and  structures;  advisory  services  to  government,  agencies  on  scientific  and  technical  problems;  in¬ 
vention  and  development  of  devices  to  serve  special  needs  of  the  Government;  and  the  development 
of  standard  practices,  codes,  and  specifications.  The  wodc  includes  basic  and  applied  research, 
development,  engineering,  instrumentation,  testing,  evaluation,  calibration  services,  and  various 
consultation  and  information  services.  Research  projects  are  also  performed  for  other  government 
agencies  when  the  work  relates  to  and  supplements  the  basic  program  of  the  Bureau  or  when  the 
Bureau’s  unique  competence  is  required.  The  scope  of  activities  is  suggested  by  the  listing  of 
divisions  and  sections  on  the  inside  of  the  back  cover. 

Publications 

The  results  of  the  Bureau’s  work  take  the  form  of  either  actual  equipment  and  devices  or  pub¬ 
lished  papers.  These  papers  appear  either  in  the  Bureau’s  own  series  of  publications  or  in  the  journals 
of  professional  and  scientific  societies.  The  Bureau  itaelf  publishes  three  periodicals  available  from 
the  Government  Printing  Office:  The  Journal  of  Research,  published  in  four  separate  sections,, 
presents  complete  scientific  and  technical  papers;  the  Technical  News  Bulletin  presents  summary 
and  preliminary  reports  on  work  in  progress;  and  Baaic  Radio  .  Propagation  Predictions  provides 
data  for  determining  the  beat  frequencies  to  uae  for  radio  communications  throughout  the  world. 
There  are  also  five  series,  of  nonperiodical  publications:  Monograph*,  Applied  Mathematics  Series, 
Handbooks,  Miscellaneous  Publications,  and  Technical  Note*.  ’  r 

Information  on  (he  Bureau’s  publications  can  be  found  in  NBS. Circular  460,  Publications  of  the 
National  Bureau  of  Standard*  (#1.25)  and  its  Supplement  (#1.50),  available  from  the  Superintendent 
of  Documents,  Government  Printing  Office,  Washington  25,  D.C. 
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to  additional  evaluation  and  review.  For  this  reason,  the  publication,  reprinting,  reproduction,  or  open-literature 
listing  of  this  Report,  either  In  whole  or  In  part,  is  not- authorized  unless  permission  is  obtained  in  writing  from 
the  OfRce  of  the  Director,  National  Bureau  of  Standards,  Washington  25,  D.  C.  Such  permission  Is  not  needed, 
however,  by  the  Government  agency  for  which  the  Report  has  been  specifically  prepared  If  that  agency  wishes 
to  reproduce  additional  copies  for  Its  own  use, 


<^BS> 

U.  S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 
CONFIDENTIAL 

This  docvmont  contains  Information  affecting  tho  notional  d  of  onto  of  tho  United  Stafos  within  tho  moaning  of  tho  osolonago 
Iowa,  tltlo,  19  U.  S.  C.,  793  and  794*  Its  transmission  or  tha  rovo  lotion  of  Its  contants  In  any  mannor  to  an  unauthorised 
parson  Is  prohibited  by  low. 


CONFIDENTIAL 


FORCE  AND  MOMS  NT  CHARACTERISTICS  OF  FULL  SC  AIR  MODELS 
OF  THE  CHEMICAL  CORPS  CLUSTER  MISSILE  El£Rl 

AND  THE  FIRE  ROCKET  Bl*2 
by  R.  H.  Heald  and  0.  H.  Adams 

1.  INTRODUCTION  ' 

In  accordance  with  a  request  from  the  Army  Chemical  Center, 
Maryland,  wind  tunnel  measurements  have  been  made  at  the  National 
Bureau  of  Standards  to  determine  static  stability,  lift,  and  drag 
characteristics  at  various  yaw  presentations  of  twenty-one  experi¬ 
mental  configurations  of  the  A.C.C.  Cluster  Missile  Eii2Rl  anti  the  Fire 
Rocket  El*2.  Full  scale  models,  consisting  of  thick  cardboard  body 
sections,  (cylindrical  in  shape)  with  attached  support  spindle,  inter¬ 
changeable  wooden  nose  sections  and  metal  tail  sections  were  supplied 
for  the  tests  by  the  Army  Chemical  Center.  The  maximum  model  diameter 
was  8.7 5  Inches  and  the  overall  length  approximately  60  Inches.  Two 
sets  of  measurements  were  made,  at  separate  times,  and  the  results 
were  supplied  in  preliminary  form  to  a  representative  of  A.C.C.  at 
the  completion  of  each  series  of  tests.  The  models  were  fitted  with 
a  round  nose  in  all  tests  except  one  in  which  an  ogive  nose  was  used 
(table  2).  The  present  report  is  a  formal  summary  of  the  experiments. 
The  work  was  conducted  in  the  ICS  6- foot  wind  tunnel  at  an  airspeed 
of  200  feet  per  second.  All  measurements  were  made  with  plane  of 
one  pair  of  opposite  fins  oriented  90  degrees  to  the  plane  of  yaw. 

2.  PROCEDURE 

The  model  under  test  was  supported,  by  means  of  its  attached 
side  spindle,  in  the  chuck  of  the  flexure-plate  aerodynamic  balance. 
This  balance  is  capable  of  indicating  forces  in  the  range, of  0-100 
pounds  and  moments  in  the  0-100  foot-pound  range.  An  indexing  head 
permits  setting  yaw  angles  in  the  horizontal  plane. 
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In  the  first  set  of  measurements  -various  combinations  of  nose, 
body  and  tail  units,  both  with  and  without  the  afterbody  fairing 
were  used.  These  configurations  were  designated  the  S42R1  assemblies. 
One  of  the  El|2Rl  assemblies,  description  and  data  for  which  are  con* 
tained  in  table  11,  is  shown  mounted  for  testing  in  the  photograph  of 
figure  1.  In  the  second  series  of  measurements  a  single  nose  and 
body  caatolnation  was  used  and  the  principal  modifications  consisted 
of  changes  in  fin  length.  The  assemblies  comprising  this  group  were 
designated  the  BU2  configurations.  In  all  cases  lift,  drag  and 
torque  (restoring  moment)  measurements  were  made  at  2  degree  inter¬ 
vals  for  both  positive  and  negative  angles  of  yaw  and  the  values 
given  in  the  tables  are  the  means  of  observed  values  at  correspond¬ 
ing  yaw  angles.  The  measurements  were  made  for  yaw  angles  ranging 
from  0  to  the  neighborhood  of  +20  degrees  in  the  cases  of  the  Sl;2Rl 
configurations.  The  test  range  for  the  Ek2  configurations  was  0  to 
♦12  degrees.  For  all  the  experiments  on  the  El|2Rl  configurations 
the  spindle  was  kept  at  its  original  point  of  attachment  to  the  body. 
Likewise,  the  spindle  location  on  the  body  of  the  Eh2  was  not  changed 
during  the  measurements  on  the  latter  configurations.  The  values  of 
torque  (restoring  moment)  and  center  of  pressure  position  are  given 
in  the  tables  with  regard  to  these  two  fixed  spindle  positions. 

3.  RESULTS 

The  results  of  the  measurements  on  the  various  configurations 
of  the  SU2R1  model  are  given  in  tables  1-14.  The  data  obtained  for 
the  ih2  as  sent  lies  are  given  in  tables  15-21, 

Comparison  of  the  data  of  tables  1-14  shows  that  the  largest 
center  of  pressure  values,  throughout  the  2-20  degree  test  range  of 
yaw  angles  of  the  S42R1  model,  occurred  when  the  model  was  equipped 
with  the  fins  which  were  not  cut  out  and  the  26- inch  fairing.  As 
will  be  seen  in  table  14  center  of  pressure  distances  for  this 
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configuration  ranged  from  1.17  feet  aft  of  the  support  spindle  at 
2  degrees  yaw  to  1.62  feet  aft  of  the  spindle  at  20  degrees  yaw 
with  a  mean  of  1. k2  feet  for  the  test  range.  The  accompanying  values 
of  restoring  moment  (torque)  about  the  spindle  ranged  from  3. U  pounds 
feet  at  2  degrees  yaw  to  6 8.9  pounds  feet  at  20  degrees  yaw.  The 
drag  values  for  this  configuration  ranged  from  5.3  pounds  at  0 
degrees  to  17.2  pounds  at  20  degrees  yaw. 

The  second  largest  set  of  center  of  pressure  values  for  the 
test  range  of  the  X^2R1  assenblies  occurred  in  the  case  of  the  con¬ 
figuration  of  table  10.  Thin  configuration  which  was  equipped  with 
attached  fins  and  12-inch  boat  tail  fairing  gave  center  of  pressure 
distances  ranging  between  1.07  feet  at  degrees  to  1.55  feet  at  20 
degrees  yaw.  The  values  of  righting  moment  for  the  assenbly  varied 
between  3.U  pounds  feet  at  2  degrees  and  65.0  pounds  feet  at  20 
degrees  yaw  and  drag  values  ranged  between  5.5  pounds  at  0  degrees 
and  16. 6  pounds  at  20  degrees.  Other  arrangements  of  the  ZU2R1 
group  which  exhibited  relatively  large  values  of  center  of  pressure 
distance  and  restoring  moment  are  those  of  tables  1,  6  (in  the  2-10 
degree  yaw  range),  11,  12  and  13. 

The  results  of  the  measurements  on  the  various  arrangements  of 
the  Fire  Rocket  Sh2  are  given  in  tables  15-21.  In  general,  these 
arrangements  show  increasing  center  of  pressure  distance  with 
increase  of  yaw  angle  in  the  test  range  of  2-12  degrees.  Based  on 
mean  values  in  this  range  the  largest  center  of  pressure  distance 
of  the  1&2  series  occurred  when  fin  unit  F  and  tail  3  (table  20) 
were  used  on  the  model.  This  arrangement  gave  rise  to  center  of 
pressure  distances  ranging  from  0.145  feet  at  2  degrees  to  0.75 
feet  at  12  degrees  yaw  and  values  of  restoring  moment  ranging  from 
1. 4  to  16.2  pounds  feet.  Drag  values  varied  between  U.  3  pounds  at 
0  degrees  and  6.6  pounds  at  12  degrees  yaw. 
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Equipped  with  fin  unit  0  and  tail  it  (table  21)  the  Sh2  model 
exhibited  center  of  pressure  distances  almost  as  large  as  those 
obtained  using  the  fin  F  and  tail  3  combination.  Fitted  with  fin 
Q  and  tail  h  the  model  showed  center  of  pressure  distances  ranging 
between  0.  lj£  feet  at  2  degrees  and  0.72  feet  at  12  degrees  yaw  with 
corresponding  values  of  restoring  moment  of  1.4  and  18.2  pounds  feet. 
Brag  at  0  degrees  for  this  arrangement  amounted  to  1*.  3  pounds ;  drag 
at  12  degrees  was  9.3  pounds.  Other  arrangements  of  the  EUl  giving 
relatively  large  values  of  center  of  pressure  distance  and  restoring 
moment  were  those  of  tables  15  and  17. 

In  conclusion  reference  is  made  to  NBS  Confidential  Report  6A237 
to  the  Army  Chemical  Center  in  which  attention  is  called  to  the 
possibility  of  large-angle  oscillations  of  certain  finned  missiles 
known,  on  the  basis  of  wind  tunnel  tests  using  models,  to  possess 
good  static  stability. 
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Table  1 

ACC  Mis pile  2l*2Rl  (Cardboard  Model) 

Equipped  with  Round  Nose  and  Tail  Assentoly  Consisting 
of  Unfinned  Boattail  5  Inches  Long  and  Cut  Out  Fins 
of  10  7/8- Inch  Chord  and  13  3/8- Inch  Span 

One  Pair  of  Fins  90*  to  Plane  of  Yaw 
Airspeed  200  fps 


Angle 
of  Yaw 
deg 

Lift 

lb 

Drag 

lb 

Normal* 

Force 

lb 

Torque 
about 
Spindle 
lb -ft 

Center  of  Pressure** 
Distance 
(Aft  of  Spindle) 
ft 

0 

• 

li.2 

- 

_ 

2 

2.9 

U.5 

3.1 

♦2.6 

0.85 

h 

6.  It 

ii .9 

6.7 

5.9 

.88 

6 

5,3 

5.8 

9.9 

10.1 

1.02 

8 

Hi.  3 

7.3 

15. 2 

16.7 

1.10 

10 

19.6 

9.3 

20.9 

25.8 

H23 

12 

2iu  6 

11.  ii 

26.  k 

34.5 

H31 

Hi 

29.5 

13.7 

3H9 

1*2.5 

1.33 

16 

3U.li 

15.3 

37.3 

50.5 

1.35 

18 

39.2 

19.  Ii 

1*3.3 

58.7 

H35 

20 

lili-1 

22.2 

1*9. 1 

66.8 

1.36 

*  Computed  fromr  Lift  x  ooso{  +  Drag  x  sine**  -  Normal  Force. 

**  Computed  from:  Torque 

Normal  Force 
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Table  2 

ICC  El*2Rl  Missile 

Squipped  with  Ogive  Nose  and  26- Inch  Narrow  Fins* 

Fins  90* 

Airspeed  200  fpe 


Angle 
of  law 
deg 

Lift 

3b 

Drag 

lb 

Normal 

Force 

lb 

Torque 

about 

Spindle 

Ib-ft 

Center  of  Pressure 
Distance 
(Alt  of  Spindle) 
ft 

0 

- 

6.5 

- 

- 

- 

2 

3.6 

6.9 

3.8 

0.3 

0.08 

1* 

7.5 

7.1* 

8.0 

0.8 

.10 

6 

Hall 

8.3 

12.2 

2.1 

.17 

8 

17.0 

9.5 

18.1 

b*k 

.21* 

30 

23.0 

11.1 

21*.  6 

7.9 

.32 

12 

29.1 

13.2 

31.2 

3X8 

CO 

• 

Hi 

35.6 

15.7 

38.3 

16.7 

.1*1* 

16 

1*2.  7 

18.7 

1*6.2 

22.6 

.1*9 

18 

50.6 

22.6 

55.1 

29.7 

.51* 

20 

58.0 

26.5 

63.6 

37.0 

0.58 

*  Fins  mounted  on  body,  extending  forward  from  base 
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Table  3 

ACC  Zl*2El  Missile 

Equipped  with  Round  Nose  and  26- Inch  Narrow  Fins* 

Fins  90 • 

Airspeed  200  fps 


Angle 
of  Yaw 
deg 

Lift 

lb 

Drag 

lb 

Normal 

Force 

lb 

Torque 

about 

Spindle 

Ib-ft 

Center  of  Btessure 
Distance 

(Aft  of  Spindle) 
ft 

0 

- 

6. 6 

- 

- 

- 

2 

3.6 

6.9 

3.8 

0.6 

0.16 

1* 

7.1* 

7 .4 

7.9 

1.1 

.12* 

6 

11.8 

8.2 

12.6 

2.6 

.21 

8 

16.7 

9.k 

17.8 

2*.  9 

.28 

10 

22.3 

11.0 

23.9 

8.0 

.33 

12 

28.5 

13.3 

30.6 

12.5 

.2*1 

12* 

35.1 

1 5.9 

37.9 

17.2 

.2*5 

16 

1*2.2 

18.8 

2*5.8 

23.2 

.51 

18 

b9.b 

22.3 

53.9 

29.8 

.55 

20 

57.3 

26.5 

63.0 

37.0 

0.59 

«  Fins  mounted  on  body,  extending  forward  from  base. 
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Table  h 

ACC  l£lf2Rl  Missile 

Equipped  with  Round  None  and  10- Inch  Harrow  Fins* 

Fins  90* 

Airspeed  200  fpe 


Angle 
of  Taw 
deg 

Lift 

lb 

Drag 

lb 

Normal 

Force 

lb 

Torque 

about 

Spindle 

lb-ft 

Center  of  Pressure 
Distance 
(Aft  of  Spindle) 
ft 

0 

- 

6.1 

- 

- 

- 

2 

2.9 

6.  If 

3.1 

LI 

0.33 

If 

$.8 

7.0 

6.3 

L’lf 

.22 

6 

9.0 

7.6 

9.8 

2.7 

.28 

8 

12.6 

8.3 

13.6 

if.  8 

.36 

10 

17. 3 

9.6 

18.8 

7.3 

.39 

12 

20.0 

10.9 

21.8 

10.0 

.If 6 

Ilf 

23.6 

12.1 

23.8 

12.7 

.49 

16 

28.1 

life  0 

30.9 

16.3 

.33 

18 

32.3 

16.3 

35.7 

20.0 

.36 

20 

36.8 

18.8 

20.1 

2lf.0 

0.38 

*  Fins  mounted  on  body,  extending  forward  from  base. 
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Table  5 

ACC  ili2Rl  Missile 

Equipped  with  10- Inch  Narrow  Fins  and  Finned  Boattail* 

Fins  90° 

Airspeed  200  fpe 


Angle 
of  law 
deg 

Lift 

3b 

Drag 

3b 

Normal 

Force 

3b 

Torque 

about 

Spindle 

Ib-ft 

Center  of  Pressure 
Distance 
(Aft  of  Spindle) 
ft 

0 

- 

4.6 

- 

- 

- 

2 

2.2 

4.7 

2.3 

0.4 

0.17 

4 

5.5 

5.0 

5.9 

1.1 

.39 

6 

8.9 

5.4 

9.4 

3.1 

.33 

8 

12.8 

6.4 

13.5 

6.2 

..46 

10 

17.8 

7.9 

18.9 

11.6 

.61 

12 

22.7 

9.4 

24.2 

17.9 

.74 

14 

28.1 

11.5 

30.0 

24.5 

.82 

16 

33.8 

14.0 

36.4 

32.6 

.89 

18 

38.8 

16.4 

42.0 

39.6 

.94 

20 

44.3 

19.4 

48.3 

47.3 

0.98 

*  Fins  mounted  on  body,  extending  forward  from  base. 
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THU  4a.wn*ntc*nt*lna  Infarnatlan  natlanal  4af*n*e af  the  Unlt.4  Slot**  within  Hi*  meanlnf  .(  Hi*  nilmn 

law*.  Ilf  la,  II  U.  S.  C.,  7M  enl  7*4.  ha  tranamlaalen  at  I  ha  revelatlnn  of  It*  cant  ant*  In  any  manner  ta  an  vneutherliad 
peraan  la  prehlhltad  hy  law. 
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Table  6 

ACC  B42R1  Missile 

Squipped  with  JExtension  Fins  at  Rear  of  Unfirmed  Boat  tail 

Fins  90* 

Airspeed  200  fps 


Angle 
of  Taw 
deg 

lift 

3b 

Drag 

lb 

Normal 

Force 

-lb 

Torque 

about 

Spindle 

Ib-ft 

Center  of  Pressure 
Distance 
(Aft  of  Spindle) 
ft 

0 

- 

5.1 

- 

- 

- 

2 

3.7 

5.1 

3.8 

4.5 

1.18 

4 

7.1 

5.6 

7.5 

9.0 

1.20 

6 

10.9 

6.3 

11.5 

13.6 

1.18 

8 

14-3 

7.0 

35.1 

17.3 

1.35 

10 

17.0 

8.3 

18.2 

39.7 

1.08 

12 

39.7 

10.0 

21.3 

20.5 

0.96 

14 

21.5 

11.5 

23.6 

19.0 

.81 

16 

23.3 

13.5 

26.1 

16.7 

.64 

18 

25.4 

35.3 

28.9 

35.6 

.54 

20 

27.3 

17.2 

33-6 

13.5 

0.43 

CONFIDENTIAL 
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Table  7 

ICC  El*2Rl  Missile 

Equipped  with  Extension  Fins  Ahead  of  Unfinned  Boattail 

Fins  90* 

Airspeed  200  fps 


Angle 
of  Taw 
deg 

Lift 

lb 

Drag 

lb 

Normal 

Force 

lb 

Torque 

about 

Spindle 

Ib-ft 

Center  of  Ebessure 
Distance 
(Aft  of  Spindle) 
ft  . 

0 

- 

5.3 

- 

- 

- 

2 

1*.3 

5.6 

1*.5 

1.2 

0.27 

1* 

8.6 

6.2 

9.0 

5.8 

.61* 

6 

13.1 

6.9 

13.8 

11.3 

.82 

8 

16 .9 

8.1 

17.8 

11*.  1* 

.81 

10 

1 9.9 

9.7 

21.3 

15.3 

.72 

12 

22.1 

11.2 

23.9 

17.6 

.71* 

1 1* 

21*.  5 

12.9 

26.8 

16.1 

.60 

16 

27.0 

12*.  8 

30.1 

15.7 

.52 

18 

29.8 

16.9 

31*.  1 

16.3 

e 

J=- 

CO 

20 

33.0 

19.2 

37.6 

18.1 

0.1*8 

CONFIDENTIAL 

Thla  taaMaanfcaatalna  Infarawtlaa  affactln*  tha  natianal  tafanaa  a< thaUnltW  Stat.1  within  tha  maaninf  a<  «ha  atalaneu 
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Table  8 

ACC  Sit2Rl  Missile 

Equipped  with  Sub-Caliber  Fins  and  18- Inch  Fairing 
Fins  90® 

Airspeed  200  fps 


Angle 
of  Yaw 
deg 

lift 

lb 

Drag 

lb 

Normal 

Force 

lb 

Torque 

about 

Spindle 

Ib-ft 

Center  of  Pressure 
Distance 
(Aft  of  Spindle) 
ft 

0 

- 

3.8 

- 

- 

- 

2 

1*5 

3.8 

1.6 

0.2 

0.13 

It 

3.5 

lt.1 

3.8 

0.2 

.05 

6 

5.9 

it.  6 

6.  it 

1.1 

.17 

8 

8.7 

5.2 

9.3 

1.1 

.12 

10 

11.7 

6.0 

12.6 

6.2 

•  it9 

12 

15.2 

7.3 

I6.it 

9.6 

.59 

lit 

18.9 

8.6 

20.it 

13.7 

.67 

16 

22.7 

10.3 

2lt.7 

18.2 

.7it 

18 

26.6 

12.1 

29.0 

23.0 

.79 

20 

30.it 

lit.1 

33.it 

27.8 

0.83 

CONFIDENTIAL 

Till*  doc wwiwf  contains  Information  affecting  the  notional  defense  of  the  United  Statu  within  the  meaning  of  tho  espionage 
Uwo#  title,  19  U.  S.  C.,  793  on d  794.  It*  transmission  or  tho  revulatlen  of  Its  contents  In -any  man  nor  to  on  unauthorised 
gofoon  is  prohibited  by  low. 
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Table  9 

ACC  S42R1  Missile 

Equipped  with  Sub-Caliber  Fins,  Shroud  and  18- Inch  Fairing 

Fins  90* 

Airspeed  200  fps 


Angle 
of  Taw 
deg 

Lift 

lb 

Drag 

lb 

Normal 

Force 

lb 

Torque 

about 

Spindle 

Ib-ft 

Center  of  Pressure 
Distance 
(Aft  of  Spindle) 
ft 

0 

- 

5.3 

- 

- 

- 

2 

1.0 

5.4 

1.2 

0.6 

o.5o 

4 

2.8 

5.6 

3.2 

•  4 

.13 

6 

5.0 

6.1 

5.6 

o.5 

.09 

8 

7.6 

6.6 

8.4 

1.1 

.13 

10 

10.5 

7.6 

11.7 

3.7 

C\J 

• 

12 

13.5 

8.6 

15.0 

6.7 

.45 

Ik 

16.8 

9.9 

18.7 

10.3 

.55 

16 

20.5 

11.4 

22.9 

15.0 

.66 

18 

24.2 

13.1 

27.0 

18.9 

.70 

20 

21.9 

15.0 

31.4 

23.6 

0.75 

CONFIDENTIAL 

Till*  4— Mwwt entail*  Information  aff*etli»gtha  notional  d*f*n**  of  tho  United  Statos  within  tho  moaning  ol  th*  otolonog* 
law*,  tltlo,  II  U.  5.  C.,  793  and  794.  It*  tronomlaslon  *r  th*  rovolotion  of  It*  contonta  In  any  man  nor  to  an  unaiithoHsod 
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Table  10 

ACC  «42B1  Missile 


Equipped  with  Boon-Attached  Cut  Out  Fins  and  12-  Inch  Fairing 

Fins  90* 

Airspeed  200  fps 


Angle 
of  Yaw 
deg 

Lift 

lb 

Drag 

lb 

Normal 

Force 

lb 

Torque 

about 

Spindle 

Ib-ft 

Center  of  Pressure 
Distance 
(Aft  of  Spindle) 
ft 

0 

- 

5.5 

- 

- 

- 

2 

3.7 

5.7 

2.9 

3.4 

1.17 

4 

5.6 

6.2 

6.1 

6.5 

1.07 

6 

9.0 

6.8 

9.7 

12.0 

1.24 

8 

12.5 

7.6 

13.4 

17.4 

L  30 

10 

16.3 

8.6 

17.6 

23.8 

1.35 

12 

20.6 

9.8 

22.2 

31.2 

1.10 

14 

2k.  9 

11.3 

26.8 

38.9 

1.45 

16 

29.  k 

13.1 

31.9 

47.4 

1.49 

18 

33.8 

15.1 

36.8 

55.9 

1.52 

20 

38.5 

16. 6 

10.9 

65.0 

1.55 

-I! 

15 

B 

I 

i 

I 
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lews,  title,  H  U.  S.  C.,  793  end  794,  Its  transmission  or  the  revelation  of  Its  contents  ln*ny  manner  to  an  unauthorised  -i1 
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Table  11 

ACC  B42R1  Missile 

With  Attached  Fins  and  18-Inch  Fairing 
Fins  90* 

Airspeed  200  fps 


Angle 
of  Taw 
deg 

Lift 

lb 

Drag 

lb 

Normal 

Force 

lb 

Torque 

about 

Spindle 

Ib-ft 

Center  of  Pressure 
Distance 
(Aft  of  Spindle) 
ft 

0 

- 

5.4 

- 

- 

- 

2 

3.1 

5.6 

3.3 

2.8 

0.85 

4 

6.4 

6.0 

6.8 

7.6 

1.12 

6 

9.8 

6.8 

10.5 

12.7 

1.21 

8 

13.6 

7.7 

14.5 

18.7 

1.29 

10 

17.4 

8.6 

18.6 

25.5 

1.37 

12 

20.9 

9.8 

22.5 

31.3 

1.39 

Hi 

23.4 

10.6 

25.3 

36.2 

1.43 

16 

25.5 

11.7 

27.7 

41.3 

1.49 

18 

29.5 

12.9 

32.0 

47.1 

1.47 

CONFIDENTIAL 

This  document  contains  Infoemetlen  effecting  the  notienol  defense  of  the  United  State*  within  tho  mooning  of  tho  espionage 
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Table  12 

ACC  Bl*2Rl  Missile 


Equipped  with  Bocm- Attached  Cut  Out  Fins  and  1 8- Inch  Fairing 

Fins;  90* 

Airspeed  200  fpe 


Angle 
of  Yaw 
deg 

Lift 

3b 

Drag 

lb 

Normal 

Force 

lb 

Torque 

about 

Spindle 

Ib-ft 

Center  of  Pressure 
Distance 
(Aft  of  Spindle) 
ft 

0 

- 

5.3 

- 

- 

- 

2 

2.5 

5.1* 

2.7 

2.9 

3-07 

5.5 

5.8 

5.9 

6.6 

3-12 

6 

8.8 

6. 6 

9.5 

11.5 

1.21 

8 

12.2 

7.1* 

13.1 

16.9 

1.29 

10 

16.5 

8.5 

17.8 

23.9 

1.31* 

12 

20.7 

9.8 

22.3 

31.0 

1.39 

ll* 

2  1*.9 

11.2 

26.8 

38.1 

1.1*2 

16 

29.  k 

12.7 

33-  8 

1*5.7 

1.1*1* 

18 

32.9 

ll*.5 

35.8 

53.2 

3- 1*9 

20 

37.0 

16.6 

1*0.5 

63-1* 

1-52 

CONFIDENTIAL 

This  jwuwiirt contolns  InfwmtlM  affecting  the  national  daf an ws  of  tho United  States  within  Hie  meaning  of  Hiifesolonage 
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Table  13 

ACC  2li2Kl  Missile 

Bquipped  with  Cut  Out  Fins  and  25- Inch  Fairing 

Fins  90° 

Airspeed  200  fps 


Angle 
of  law 
deg 

Lift 

lb 

Drag 

Lb 

Normal 

Force 

lb 

Torque 

about 

Spindle 

lb-ft 

Center  of  Pressure 
Distance 

(Aft  of  Spindle) 
ft 

0 

- 

5.1 

- 

- 

- 

2 

2.7 

5.2 

2.8 

2.8 

1.00 

4 

5.7 

5.7 

6.1 

6. 4 

1.05 

6 

9.3 

6.3 

9.9 

10.9 

1.10 

8 

12. 8 

7.2 

13.6 

16.2 

1.19 

10 

16.8 

8.3 

18.0 

22.5 

1.25 

12 

21.3 

9.5 

22.8 

29.5 

1.29 

14 

25.6 

11.1 

27.5 

37.2 

1.35 

16 

30.2 

13.0 

32.6 

45.2 

1.39 

18 

34.9 

15.1 

37.8 

53.9 

1.43 

20 

40.1 

17.6 

43.6 

62.3 

1.42 

CONFIDENTIAL 
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Table  1 1* 

ACC  il*2El  Missile 

Equipped  with  Fins  Not  Cut  Out  and  25- Inch  Fairing 

Fins  90® 

Airspeed  200  fpe 


Angle 
of  Yaw 
deg 

Lift 

lb 

Drag 

lb 

Normal 

Force 

lb 

Torque 
about 
Spindle 
lb- ft 

Center  of  Pressure 
Distance 
(Aft  of  Spindle) 
ft 

0 

- 

5.3 

- 

- 

- 

2 

2.7 

5.1* 

2.9 

3.1* 

1.17 

1* 

5.6 

5.8 

6.0 

7.1* 

1.23 

6 

9.0 

6.1* 

9.6 

12.3 

1.28 

8 

12.1* 

7.3 

13.3 

17.8 

1.31* 

10 

16.3 

8.3 

17.5 

21*.  1* 

1-39 

12 

19.1* 

9.6 

21.0 

32.0 

1.52 

H* 

21*.  8 

11.1* 

26.6 

39.9 

1.50 

16 

29.5 

13.0 

32.0 

1*9.5 

1.55 

18 

31*.  3 

11*.  9 

37.2 

59.1 

1.59 

20 

39.0 

17.2 

1*2.6 

68.9 

1.62 

Table  15 

ACC  Fire  Rocket  A  1*2 

iquipped  with  Fin  A,  Tail  No.  1  (Length  of 
Outboard  Edges  9  1/2  Inches) 

One  Pair  of  Fin  Blades  90®  to  KLane  of  Yaw 
Airspeed  200  fps 


Angle 
of  Yaw 

Lift 

lb 

Drag 

lb 

Normal 

Force 

lb 

Torque 
about 
Spindle 
lb -ft 

'Center  of  Pressure 
Distance 
(Aft  of  Spindle) 
ft 

0 

- 

1*.3 

- 

- 

- 

2 

2.5 

l*.i* 

2.7 

0.5 

0.19 

1* 

5.8 

1*.  8 

6.1 

1.9 

.31 

6 

9.6 

5.1* 

10.1 

1*.2 

.1*2 

8 

13.7 

6.3 

H*.  1* 

8.1 

.56 

10 

18.6 

7.8 

19.7 

li*.  9 

.76 

12 

21*.  0 

9.6 

25.5 

22.1* 

0.88 

CONFIDENTIAL 

This  dMiMwntconttlm  Information  affecting  fho  notional  d  of  on  so  of  tho  United  States  within,  the  meaning  of  the  espionage 
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Table  16 

ACC  Fire  Rocket  S  42 

Equipped  with  Fin  B,  Tail  No.  1  (Length  of  Outboard  Edges 
Reduced  to  8  1/2  Inches  by  Removing  Stripe  One  Inch  Wide 
from  Trailing  Edges  of  the  Fins  of  Table  1 5) 

Fins  90 • 

Airspeed  200  fps 


Angle 
of  Taw 
deg 

Lift 

lb 

Drag 

lb 

Normal 

Force 

lb 

Torque 
about 
Spindle 
lb -ft 

Center  of  Pressure 
Distance 

(Aft  of  Spindle) 
ft 

0 

- 

4.3 

- 

- 

- 

2 

2.9 

4.5 

3.0 

0.5 

0.17 

4 

6.2 

4.8 

6.6 

2.0 

.30 

6 

9.2 

5.4 

9.7 

3.3 

.34 

8 

13.7 

6.4 

14.4 

7.5 

.52 

10 

18.3 

7.7 

15.4 

13.6 

.70 

12 

23.1 

9.4 

24.6 

20.4 

0.83 

Table  17 

ACC  Fire  Rocket  E  42 

Equipped  with  Fin  C,  Tail  No.  1  (Length  of  Outboard  Edges 
Reduced  to  7  1/2  Inches  by  Removing  Strips  One  Inch  Wide 
from  Trailing  Edges  of  Fins  of  Table  16) 

Fins  90° 

Airspeed  200  fps 


Angle 
of  Taw 
deg 

Lift 

lb 

Drag 

lb 

Normal 

Force 

lb 

Torque 

about 

Spindle 

Ib-ft 

Center  of  Pressure 
Distance 
(Aft  of  Spindle) 
ft 

0 

- 

4.2 

- 

- 

- 

2 

2.7 

4.4 

2.8 

0.5 

0. 32 

4 

5.9 

4.7 

6.3 

2.1 

.33 

6 

9.2 

5.2 

9.7 

4.0 

.41 

8 

13.1 

6.2 

13.8 

6.8 

.49 

10 

17.3 

7.5 

18.4 

12.4 

.67 

12 

22.6 

9.8 

24.0 

15.0 

0.7 5 

CONFIDENTIAL 
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Table  18 

ACC  Fire  Rocket  E  1*2 

Equipped  with  Fin  D>  Tail  No.  1  (Length  of  Outboard  Edges 
Reduced  to  6  1/2  Inches  by  Removing  Strips  One  Inch  Wide 
from  Trailing  Edges  of  the  Fins  of  Table  17) 

Fins  90* 

Airspeed  200  fpe 


Angle 
of  Taw 
deg 

Lift 

lb 

Drag 

lb 

Normal 

Force 

lb 

Torque 

about 

Spindle 

Ib-ft 

Center  of  Pressure 
Distance 
(Aft  of  Spindle) 
ft 

0 

- 

k.2 

- 

- 

- 

2 

2.7 

1*.  1* 

2.8 

0.6 

1.21 

1* 

5.9 

1*»7 

6.3 

1.5 

.21* 

6 

9.0 

5.2 

9.5 

2.7 

.28 

8 

12.7 

6.0 

13.5 

5.8 

.1*3 

10 

17.1 

7.3 

18.2 

11.3 

.62 

12 

22.2 

9.0 

23.6 

17.5 

0.71* 

Table  19 

ACC  Fire  Rocket  B  1*2 

Equipped  with  Fin  E,  Tail  No.  2  (Length  of  Outboard 
Edges  7  1/8  Inches) 

Fins  90* 

Airspeed  200  fpe 


Angle 
of  Taw 
deg 

Lift 

lb 

Drag 

lb 

Normal 

Force 

-lb 

Torque 
about 
Spindle 
lb -ft 

Center  of  Pressure 
Distance 
(Aft  of  Spindle) 
ft 

0 

- 

1*.  6 

- 

- 

- 

2 

2.9 

1*.7 

3.0 

0.5 

0.17 

k 

6.0 

5.0 

6. 1* 

2.0 

.31 

6 

9.1* 

5.6 

10.0 

3.9 

.39 

8 

13.2 

6.5 

13.9 

6. 6 

.1*7 

10 

17.1* 

7.6 

18.5 

10.3 

.56 

12 

21.8 

9.0 

23.2 

15.9 

0.69 
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Table  20 

ACC  Pi re  Socket  E  42 

Equipped  with  Pin  P,  Tail  No.  3  (Length  of  Outboard 
Edges  8  2/8  Inches) 

Fins  90* 

Airspeed  200  fps 


Angle 
of  law 
deg 

Lift 

lb 

Drag 

lb 

Normal 

Force 

lb 

Torque 

about 

Spindle 

Ib-ft 

Center  of  Pressure 
Distance 

(Aft  of  Spindle) 
ft 

0 

- 

4.3 

» 

- 

- 

2 

3.0 

4.5 

3.1 

1.4 

0.45 

4 

6.  4 

k.8 

6.8 

3.1 

.46 

6 

9.7 

5.3 

10.2 

5.1 

.50 

8 

13.5 

6.3 

Hi.  2 

7.5 

.53 

10 

17.6 

7.5 

18.8 

11.7 

.62 

12 

22.9 

8.6 

24.2 

18.2 

0.75 

Table  21 

ACC  Fire  Rocket  S  42 

Equipped  with  Pin  0,  Tall  No.  4  (Length  of  Outboard 
Edges  9  2/8  Inches) 

Fins  90* 

Airspeed  200  fps 


Angle 
of  Yaw 
deg 

Lift 

lb 

Drag 

lb 

Normal 

Force 

lb 

Torque 
about 
.  Spindle 
Ib-ft 

Center  of  Pressure 
Distance 
(Aft  of  Spindle) 
ft 

0 

- 

4.3 

- 

- 

- 

2 

3.0 

4.5 

3.1 

1.4 

0.45 

4 

6.3 

4.8 

6.8 

3.0 

.44 

6 

10.0 

5.8 

10.5 

5.1 

.49 

8 

14.0 

6,3 

14.7 

7.6 

.52 

10 

18.5 

7.6 

19.6 

12.0 

.61 

12 

23.8 

9.3 

25.2 

18,2 

0.72 
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